Regioselective oxidation of indole- and quinolinecarboxylic acids by cytochrome P450 CYP199A2.
CYP199A2, a bacterial P450 monooxygenase from Rhodopseudomonas palustris, was previously reported to oxidize 2-naphthoic acid and 4-ethylbenzoic acid. In this study, we examined the substrate specificity and regioselectivity of CYP199A2 towards indole- and quinolinecarboxylic acids. The CYP199A2 gene was coexpressed with palustrisredoxin gene from R. palustris and putidaredoxin reductase gene from Pseudomonas putida to provide the redox partners of CYP199A2 in Escherichia coli. Following whole-cell assays, reaction products were identified by mass spectrometry and NMR spectroscopy.CYP199A2 did not exhibit any activity towards indole and indole-3-carboxylic acid, whereas this enzyme oxidized indole-2-carboxylic acid, indole-5-carboxylic acid, and indole-6-carboxylic acid. Indole-2-carboxylic acid was converted to 5- and 6-hydroxyindole-2-carboxylic acids at a ratio of 59:41. In contrast, the indole-6-carboxylic acid oxidation generated only one product, 2-indolinone-6-carboxylic acid,at a rate of 130 mol (mol P450)(-1) min(-1). Furthermore,CYP199A2 also oxidized quinoline-6-carboxylic acid,although this enzyme did not exhibit any activity towards quinoline and its derivatives with a carboxyl group at the C-2,C-3, or C-4 positions. The oxidation product of quinoline-6-carboxylic acid was identified to be 3-hydroxyquinoline-6-carboxylic acid, which was a novel compound. These results suggest that CYP199A2 may be a valuable biocatalyst for the regioselective oxidation of various aromatic carboxylic acids.